Phototriggered formation and repair of DNA containing a site-specific single strand break of the type produced by ionizing radiation or AP lyase activity.
DNA strand breaks are produced by a variety of agents and processes such as ionizing radiation, xenobiotics, oxidative metabolism, and enzymatic processing of DNA base damage. One of the major types of strand breaks produced by these processes is a single nucleotide gap terminating in 5'- and 3'-phosphates. Previously, we had developed a method for sequence-specifically producing such phosphate-terminated strand breaks in an oligodeoxynucleotide by way of two photochemically activated (caged) building blocks placed in tandem. We now report the design and synthesis of a single caged building block consisting of 1,3-(2-nitrophenyl)-1,3-propanediol, for producing phosphate-terminated strand breaks, and its use producing such a break at a specific site in a double-stranded circular DNA vector. To produce the site-specific break in a duplex vector, a primer containing the caged single strand break was extended opposite the single strand form of a circular DNA vector followed by enzymatic ligation and purification. The single strand break could then be formed in quantitative yield by irradiation of the vector with 365 nm light. In contrast to a previous study, it was found that the strand break can be repaired by Escherichia coli DNA polymerase I and E. coli DNA ligase alone, though less efficiently than in the presence of the 3'-phosphate processing enzyme E. coli endonuclease IV. Repair in the absence of endonuclease IV could be attributed to hydrolysis of the 3'-phosphate in the presence of dNTP and to a lesser extent to exonucleolytic removal of the 3'-phosphate-bearing terminal nucleotide by way of the 3' --> 5' exonuclease activity of polymerase I. This work demonstrates that specialized 3'-end processing enzymes such as endonuclease IV or exonuclease III are not absolutely required for repair of phosphate-terminated gaps. In addition to preparing single strand breaks, the caged building block described should also be useful for preparing double strand breaks and multiply damaged sites that might otherwise be difficult to prepare by other methods due to their lability.